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The severity and extent of the area at risk identified with 
cardiologic imaging techniques have consistently been shown 
to be among the strongest predictors of subsequent major 
cardiac events, such as cardiac death and myocardial infarction 
(l-3). The underlying pathophysiologic assumption is that a 
stress-induced perfusion defect, or wall motion abnormality. 
identifies the area at risk for future events. This assumption 
has been challenge1 by the new understanding of the patho- 
physiology of coronary artery disease, 2s high grade stenotic 
lesions’ are not strictly associated with the site of future 
coronary occlusions (43). 
From tk CNR Imtitute of Clinii physidogy, Piss. Itah/. A cm@& Iii of 
the EPIC and EDIC study Grwp participants appean in References 9 and 13. 
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The aim of the present study was to assess whether the site, 
extent and severity of future q.mrdial infarction can be 
predicted on the basis of induced tschemia (the socalled area 
at risk) recognbxd by stress e&cardiography. Aaordingty, 
we interrogated the data bank of the Institute of Clinical 
Physiology in Pii C7rR (6.7) and of the multicenter trials 
EPIC (Echo Persantine International Cooperatih e) (8.9) and 
EDIC (Echo Dobutamine International Co+pexttive) (10) 
studies. From this pool of >5.oM) in-hospital patients studied 
with pharmac&gic strm echocardiography entered in a 
follow-up program, we could select 70 patients who also had a 
follow-up rest &ocardiographii study after a spontaneously 
occu&g infarction. 
Methods 
P&eat s&et&. The study group has three sources: 1) the 
data bank of the Institrrte of Clinical Physiology. mtih 1,870 
inpatients studied in the la$ years with pharmaodogic stress 
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echocardiography (usually with dipyridamole [n = I.6233 but, 
starting in 1991, also with dobutamine [n = 2471); 2) the data 
bank of the multicenter EPiC study (subproject residual 
&hernia), which enrolled in the follow-up progrsrn 1.444 
patients studied with a dipyridamole echocardiography test; 
and 3) the data bank of the multicenter EDJC study. which 
en&led in the follow-up program 1,779 patients studied early 
after acute myocardial infarction. 
Ail patients initially considered had 1) known or suspected 
coronary artery disease at the time of initial stress echocardio- 
graphic examination; 2) an interpretable pharmacologic stress 
echocardiographic study; 3) a spontaneously occurring infarc- 
tion with no intercurrent revascularization procedure between 
the initial stress echocardiographic study and infarction; and 4) 
a follow-up rest echocardiographic examination performed 
after the new infarction, showing a change from rest baseline 
echocardiographic study, because the sis of infarction can be 
echocardiographically identified only in these patients. 
The study group meeting these selection criteria consisted 
of 70 patients (56 men, 14 women; mean age ?: SD 58 2 11 
years [range 18 to 781) who had a spontaneous infarction 304 ? 
489 days after the stress test. At the time of initial evaluation 
31 patients had evidence of a previous Q wave infarction in the 
baseline electrocardiogram (ECG), 14 had had a previous 
non-Q wave infarction and 25 had no significant alterations in 
the rest ECG. Each patient underwent 1) a rest two- 
dimensional echocardiographic examination before pharmaco- 
logic echocardiographic testing, 2) dipyridamole (53 patients) 
or dobutamine (17 patients) echocardiographic testing. and 3) 
a follow-up baseline echocardiogram after myocardial infarc- 
tion developed. NIyocardial infarction was documented by a 
consistent history, ECG changes and cardiac enzyme level 
elevations and confinned by hospital chart or hospital dis- 
charge letter review. The follow-up baseline echocardiogram 
was obtained 41 ir 90 days (range 1 to 485) after infarction. 
Ecbocardiograpbic examination. Two-dimensional echo- 
cardiograms were obtained by using commercially available 
imaging systems. Echocardiographic images were recorded on 
VHS videotapes for subsequent playback and analysis. Re- 
gional wall motion was assessed and wall motion score index 
with a M-segment model of the left ventricle was calculated 
after each basal and stress study according to the recommen- 
dations of the American Society of Echocardiography (11). In 
all studies, segmental wall motion was serttiquantitatively 
graded as follows: 1 = normal; 2 = hypokinetic (marked 
reduction of endocardial motion and thickening); 3 = akinetic 
(virtual absence of inward motion and thickening); and 4 = 
dyskinetic (paradoxic wall motion away from the center of the 
left ventricle in systole). Inadequately visualized segments 
were not scored. Pharmacologic stress echocardiography was 
performed by using either high dose (up to 0.84 mg/kg body 
weight over 10 min) dipyridamole (53 patients) or high dose 
(up to 40 mk/kg per min, with coadministration of atropine up 
to 1 mg) dobutamine (17 patients) according to well estab- 
lished protocols (1213). Starting in January 1992, the dipyr- 
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idamole protocol was modified to include coadministration of 
atropine (up to 1 mg) (14). 
Quality control of stress ecbocardiograpbic readings. The 
diagnostic performance of stress echocardiography IS signifi- 
cantly related to the level of expertise of the cardiologist- 
echocardiographer performing the test, because the evaluation 
of regional wall motion is subjective and qualitative. Therefore, 
quality ccntrol of the diagnostic performance. in the different 
centers was of critical importance in acquiring meaningful 
information for the data bank. A prerequisite for the enroll- 
ment of centers was a threshold of ~100 tests performed in the 
past, as previous studies (15) suggest that this level of training 
is necessary to achieve a satisfactory diagnostic performance in 
stress echocardiography. 
In the enrolled centers, quality control standards required 
that both of the following two criteria be met (2,13). The first 
criterion was tested on a videotape with 20 dipyridamole 
echocardiographic studies prepared in the coordinating center 
(Institute of Clinical Physiology, Pisa). For all these 20 studies, 
the reading of two experienced independent observers was 
concordant as to presence and site of dyssynergy, and the stress 
results were in full agreement with the presence and site of 
coronary stenoses during coronary angiography. The unani- 
mous reading by the two observers was arbitrarily assumed to 
he the reference standard against which the reading of each 
participating center was evaluated. The reader from each 
center interpreted the videotape in blinded fashion, with no 
access to clinical and angiographic data or to the interpretation 
given by other observers. It was assumed a priori that ~90% 
was the minimal threshold of concordance to pass this part of 
the quality control assessment. 
The second criterion consisted of sampling 20 consecutive 
studies from each contributing center. These 20 studies were 
examined in blinded fashion by an experienced cardiologist- 
echocardiographer of the coordinating center whose reading 
was arbitrarily assumed to be the reference standard. It was 
assumed a priori that 280% was the minimal threhold of 
concordance to pass the quality control assessment. The 
concordance cutoff was lower for the second than for the first 
reading because this second set of tapes was not selected on 
the basis of the superior quality, but was randomly sampled 
from each center in consecutive fashion. All enrolled centers 
met the minimal quality control requirements. 
Data analysis. Results of a stress echocardiographic study 
were considered positive in the presence of a new or worsening 
(i.e., hypokinesia becoming akinesia or dyskinesia) dyssynergy. 
A fixed wall motion abnormality unchanged during stress 
testing was not considered a criterion of positivity. On the basis 
of known distribution of the segments according to coronary 
vascular territory, each segment was assigned to a predefined 
coronary artery territory (11,16): left anterior descending 
coronary artery (basal and midanterior; basal and mid antero- 
septal; mid posteroseptal; apical segments [total of nine seg 
merits]); left circumflex coronary artery (basal, mid and apico- 
lateral segments; basal and mid posterior segments [total of 
five segments]); right coronary artery (basal, mid and apicoin- 
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ferior segments; basal septal segment and basal and mid 
posterior segments [total of six segments]). The total Lf 20 
segments exceeds the 16-segment model because of the pres- 
ence of overlapping territories. khemia-infarction match was 
defined as dyssynergy occurring during stress and after infarc- 
tion in the same coronary territory; ischemiu-infarction com- 
plete mismarch was defined as infarct-related dyssynergy occur- 
ring in a patient with a negative stress test result; the ischemia 
infarction p&a/ mismatch was defined as an infarct-related 
dyssynergy occurr.rg in a patient with a positive stress test 
result, but in a erritory GiSrent from the infarct area. 
Asynergy in war segments that could be attributed to a 
coronary vessel ‘4 ere considered a match if the segment was the 
same during ischemia and infarction and a partial mismafrh if 
the segments were different during &hernia and infarction. 
For each patient, the wall motion score index was evaluated at 
baseline, at peak stress and at follow-up rest echocardiography 
after infarction. 
Statistical analysis. Results are expressed as mean value + 
SD. Differences in wall motion score index under different 
conditions were tested for significance by analysis of variance 
and subgroup analysis by the Tukey test. Comparisons between 
different groups were made with the Student t test for unpaired 
values. Linear regression and correlation analysis were used. A 
p value < 0.05 was considered statistically significant. Ischemia- 
infarction match was assessed through a per patient, not a per 
segment, analysis. 
Results 
The detailed baseline rest, stress and follow-up rest echo- 
cardiographic studies of the 70 study patients, as well as their 
main demographic, clinical and (when available) angiographic 
characteristics (with visual assessment of percent stenosis) are 
reported in Tables 1 and 2 for patients with negative and 
positive stress test results, respectively. Forty-six patients had a 
Q wave and 24 a non-Q wave myocardial infarction. 
Baseline ECG and eclmcamliographk findings. In 21 pa- 
tients rest wall motion was normal before the stress test. 
Eighteen of the 21 had a normal rest ECG findings, whereas 3 
had signs of a previous nun-Q wave infarction. Forty-nine 
patients had wall motion asynergy in the rest echocardiogram: 
of these, 31 had had a previous Q wave myocardial infarction, 
11 had evidence of a previous non-Q wave infarction in the rest 
ECG and 7 had no signs of previous myocardial necrosis in the 
baseline ECG. 
Stress echocardiographic findings. In all patients the echo- 
cardiograms during the pharmacologic stress test were consid- 
ered interpretable and therefore suitable for analysis. No 
patient had major side effects during either dobutamine or 
dipyridamole echocardiographic testing. The stress echocar- 
diographic results were negative in 29 of the 70 patients (Table 
1) and positive in 41 (Table 2). In patients with positive test 
results, the rest wall motion score index was 1.27 % 0.26 and 
increased to 1.49 -t 0.30 at peak stress (p < 0.01); in patients 
with negative results, the index was 1.16 + 0.21 both at rest and 
at peak stress. 
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Follow-up ecbcardiiphii data. The follow-up baseline 
echocardiogram was obtained at 41 + 90 days (range 1 to 485) 
Jter infarction. The mean wall motion score index was 1.65 ? 
0.35 in patients with isrhemia-infarction match, 1.66 -C 0.39 in 
those with ischemia-infarction partial mismatch and 1.48 + 
0.26 in those with hchemia-infarction complete mismatch 
(Tables 1 and 2) (p = NS). 
Correlation between test results and follow-up data. 
Ischemia-infarction match occurred in 32 patients (46%), 
&hernia-infarction complete mismatch in 29 (41%) and isch- 
emia-infarction partial mismatch in 9 (13%) (Fig. 1). Three 
patients with partial mismatch had infarct-related abnormali- 
ties in the apex and ischemia-related abnormalities in the 
inferior wall (n = 2) and in the lateral wall (n = 1). Dysfunc- 
tion of the whole apex is more frequent in the domain of the 
left anterior descending coronary artery, but it also occurs with 
other coronary arteries. 
The presence of infarct-related mechanical dysfunction 
(expressed as the variation between baseline and follow-up rest 
wall motion score index) was similar in the 32 patients with 
&hernia-infarction match and in the 38 with ischemia- 
infarction mismatch (0.36 t 02.5 vs. 0.34 t 0.24, p = NS). The 
average time interval between the stress examination and the 
occurrence of the infarction or reinfarction was 144 f 160 days 
m patients with match, and 439 5 622 days in patients with 
mismatch (p < 0.05). of the 29 patients with infarction and 
previously negative test results, at the initial evaluation 12 had 
no rest wall motion abnormality and 17 had a rest abnormality. 
Of these 17, 11 had the rest dyssynergy in the same coronary 
territory that later showed infarctton. 
Discussion 
The site of induced ixhemia, imaged as transient dyssyn- 
ergy by pharmacologic stress echocardiography, inconsistently 
identifies the site of future infarction, imaged as a tixed area of 
dyssynergy at follow-up baseline examination. of five future 
infarctions, only two are correctly identified with respect to site 
and approximate extent and severity of dysfunction; another 
occurs in a patient with a previously positive test result, but the 
vascular territory is different from the previously identified 
ischemic area and the remaining two infarctions, occur in 
patients with previously negative stress test results. Therefore 
the majority of spontaneous coronary occlusions leading to 
infarction are unheralded by induced ischemia. This negative 
conclusion should be tempered by considering the marked 
difference in the average time interval between the stress 
examination and the occurrence of infarction in the patients 
with a match versus those with a mismatch. The average 
interval of the mismatch was considerably >1 year, and 
coronary anatomy can change in that time. Thus, one can also 
inte?ret our data as an indication that stress imaging may have 
prognostic value up to -1 year, because most patients with a 
match had their infarction in approximately 56 months. After 
1 year the anatomy may be so changed that the prognostic 
value is no longer relevant. 
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Table 1. Ciiiical Data for 29 Patients With Negative Stress Echocardiographic Test Results 
Test- 
infarction 
MWMSI Initial Angie Angie After Infarction 
PI Age W Baseline Interval At Aftt!r 
(% stenosis) (92 stenosis) _- 
NO. Gender Test Dysfunction infarct Site (days) Rest Infarction LAD LCX RCA LAD LCX RCA 
1 62/M 
2 66/M 
3 50/M 
4 63/M 
5 IS/M 
6 65/M 
1 42lM 
8 WF 
9 6UM 
10 66iM 
11 58/M 
12 65N 
13 37lM 
14 70/M 
15 41/M 
16 67/M 
17 46/M 
18 51/M 
19 31/M 
20 54/M 
21 51/M 
22 54/F 
27 49lF 
24 68/M 
25 49,F 
26 WM 
27 69/F 
28 61/M 
29 56/M 
Dob 
Dob 
DIP 
Dip 
Dip 
Dip 
Dip 
Dip 
Dip 
Dip 
Dip 
Dip 
Dip 
Dip 
Dip 
Dip 
Dip 
Dip 
Dob 
Dip 
Dip 
Dip 
Dip 
Dip 
Dip 
Dip 
Dip 
Dob 
Dip 
Anteroseptal Anteroseptal 92 1.2s 1.38 
Lateral Antenxeptal 395 1.31 1.38 
0 Posterior 192 1 7 
Septal Anteroapical 537 1.38 2 
inferior Apical 71 1.06 1.31 
Lateral Posteroinferior 48 1.06 1.31 
Inferior Inferior 43 1.25 1.75 
0 Inferior 23 1 1.31 
Apical lnferoseptal 36 1.3x 1.63 
Posterior Inferior 239 1.44 1x1 
Inferior Inferiur 52 1.25 1.5 
Apical Anteroapical 280 lab 1.75 
0 Inferior 1,377 I 1.13 
Anteroapical Anterolateral ;17 1.88 2 
Lateral Posteroinferior 9>7 1.35 1.: 
0 Inferior 162 1 1.25 
0 Posteroinferior 522 I i.25 
Lateral Aptcal 1,080 1.13 !.3S 
Apical Posterior 97 1.38 I .Sh 
Anterior Anterior 3 1.25 1.5 
0 Posterior 6 I 1.62 
Inferior Septal 1,265 1.13 1.25 
0 Anterior 5 1 1.5 
0 Inferior 3 1 1.13 
0 Inferior 51 I 1.13 
Apical Anterior 1,742 1.13 1.5 
0 AlWli0r 187 I 1.5 
0 Inferior 293 1 1.19 
0 Anterior 3,013 1 1.38 
0 
0 
1M) 
50 
50 
5tJ 
0 
. 
0 
50 
u 
I 
9u 
. . 
0 
. . . 
0 
100 
9U 
15 
0 
0 
0 
7s 
I1 
c 
dj 
0 
50 
0 
0 
0 
0 
0 
0 
0 
100 
0 
75 
90 
II 
50 
. 
1(X1 
0 
0 
,. 
. 
., 
IOU 
II 
loo 
%I 
1OO 
90 
90 
9u 
0 
. . 
loo 50 
0 0 
50 0 
, 
. 
. .I. 
0 0 
loo 100 
9iJ 7s 
75 KM 
. . . 
. . 
50 0 
0 0 
0 100 
.,. 
0 U 
.,. 
0 9u 
. 
Angie = at&gram; Dip = dipy.idamole; Dob = dobutamine; F = female; LAD = left anterior descending cuwnary artery; LCx = left circumflex coronary artery; 
M = male; Pt = patient; RCA = right coronary artery; WMSI = wall motion score index: 0 = none; = study not performed. 
Risk stratificotioo by stress testing: mere diagnostic epi- stenosis on initial evaluation in a substantial number of 
phenomenology? In our study, the site of infarction in most patients. This is consistent with our finding that in three of five 
patients (54%) could not be predicted from the presence or cases the site of infarction cannot be predicted by stress testing, 
site, or both, of induced ischemia. ibis finding is in agreement because a noncritical stenosis cannot be exposed by such 
with available pathophysiologic and a. .$ographic evidence. testing. In these cases, the identifying echocardiogrhphic mark- 
From histopathologic and vascular biologic studies (4,5), ers (transient dyssyynergy during stress) may either be absent 
plaque composition and vulnerability (type of lesion) rather (i.e., negative stress) or bear little relation to the final prog- 
than degree of stenosis (size of lesion) have emerged as crucial nostic event (transient stress-induced dyssynergy in a different 
factors leading to sudden rupture of the plaque surface, usually territory) and may only identify the presence of a general 
with thrombosis superimposed, which underlies the great process (an example of what Zaret [3] has called prognostic 
majority of myocardial infarctions. Theoretically, a physiologic epiphenomenology). 
approach such as the one adopted with stress testing cannot Risk stratification by stress test: ideotifcotion of the 
predict phenomena such as fissuration, embolization, ulcer- culprit vessel? In two of five cases, the area at risk identified 
ation and thrombosis, which are largely unrelated to the during stress coincided with the area of future infarction with 
i~lodynamic severity of the plaque (4). Angiographic studies respect to the coronary perfusion bed and-to a certain 
also suggest that the most frequent situation giving rise to extent-the entity of mechanical dysfunction concerned. This 
infarction is the occlusion of previously noncritical (and, observation is, again, not surprising as the available angio- 
therefore, “stress-1ucent”) stenoses (17-20), which are more graphic evidence (17-20) shows that one cf three infarctions 
prevalent than the possibly more dangerous severe stenoses occurs at the site of previously critical stenosis, generating an 
(21,22). Taken together, these studies suggest that in two of angiographic and a clinical event. In addition, independent of 
three infarctions the culprit lesions had only mild to moderate plaque severity, a plaque morphology of the complex type 
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Table 2. Clinical Data for 41 Patients With Positive Stress Echocardiographic Test Results 
&e Site of 
Ft (yrl! Bassline Induced 
No. Gender Test hfunction Ischemia Infarct Site 
Test- 
Infarction 
WMSI initial Angie After Infarction 
interval At During 
(‘; stem%) 
After -- 
(7 stenosis) 
(days) Rest Stress Infarction LAD LCx RCA LAD LCx RCA 
1 7tlIM Dob 
2 43/M Dob 
3 58!M Dob 
4 5l!M Dab 
5 64/F Dip 
h 58/F Dob 
7 61/M Dip 
8 66/M Dip 
9 6Q:M Dip 
IO 6l:M Dip 
11 6Y/M Dip 
12 56/F Dip 
13 40/M Dip 
14 73/M Dip 
IS 55/M Dip 
16 44/M Dob 
17 761% Dip 
18 60/M Dob 
19 63/F Dip 
20 7x/M Dob 
21 62/F Dip 
22 66/M Dip 
23 SO/M Doh 
24 721M Dip 
25 6Y/M Dip 
26 SKIM nip 
27 6411M Dip 
28 56/M Dob 
29 56/M Dob 
30 56/M Dob 
31 58/M Dip 
32 51/M Dip 
33 44/M Dob 
34 47,/F Dip 
35 38/M Dip 
36 jY!M Dip 
37 65/M Dip 
3x 65iM Dip 
3Y 61/M Dip 
40 77/F Dip 
Septal 
Septal 
Apical 
Inferior 
Inferior 
Inferoseptal 
0 
L;lteral 
0 
Septal 
Apical 
Inferior 
Septal 
Apical 
Apical 
Inferior 
Lateral 
Inferior 
Laeral 
a 
0 
0 
Scptal 
Septal 
0 
Inferior 
Septal 
Septal 
a 
Posterior 
Anterior 
Apical 
Apical 
Apical 
Septal 
Anterolateral 
Inferior 
Inferior 
0 
0 
41 
Inferoseptal 
Apical 
Anteroscptal 
Fosteroinferior 
Apical 
Anterior 
Aoteroseptal 
Lateral 
Anteroseptal 
Pmleroinferior 
lnferorptal 
Lateral 
lnferinr 
blferoseptal 
Anteroseptal 
Anterior 
Postteroinferior 
Posterolateral 
Posterolaleral 
Fosterolareral 
Lateral 
Apicoseptal 
Inferior 
Antenor 
AIkal 
Inferior 
Inferior 
Apicorptal 
Postetoinferior 
Lateral 
Ankrior 
Aoteroseptai 
Inferior 
Antrru;rpical 
inferior 
Anteroseptal 
Anterior 
Inferior 
Posteroinferior 
Anteroscptzd 
71/M Dip Poskerolateral bteral 
Inferior 
Apicoseptvr 
Anteroseptai 
Posteroinferior 
Apical 
Anterior 
Anteroseptal 
Posterolateral 
Anterolateral 
Posteroinferior 
lnferowptal 
Posterolateral 
Inferior 
lnferoseptal 
Aoteroseptal 
An&or 
Posteroinferior 
Posterolateral 
Posterior 
Fosterolateral 
Foscerolateral 
Apiil 
Inferior 
.Antefior 
Apical 
IllfOiOI 
Inferior 
Apiicoseptal 
Posteroinferior 
Lateral 
Anterior 
Awroscptal 
Aoteroseptal 
Lateral 
Apicoseptal 
Inferior 
Inferior 
Apkal 
Anterior 
Inferior 
Apical 
3 1.13 1.31 1.25 
19 1.3x I.5 I .Y8 
44 1.13 1.3x I.81 
19 1.4n 1.69 1 .h9 
10 1.31 1.94 ? 
316 I.56 1.69 I.94 
480 I 1.25 1.31 
2 1.13 1.38 1.5 
I4 I 1.75 2 
66 I.31 I.44 I .56 
308 I.81 1.88 2.04 
56 1.63 1.75 LXX 
48 1.13 1.3x 1.44 
130 1.56 I .63 1 .b9 
I6 l.Uh 1.75 1.19 
24 1.31 I.44 1.56 
24u 1.31 1.5h 2.25 
89 1.56 2.25 2.31 
342 I.25 1.63 I.5 
38 1 I.18 1.25 
167 1 1.18 I.18 
539 I l.ofi I.25 
I6 1.19 I.38 I.25 
48 I.5 2 1.75 
180 I 1.13 1.5 
89 t.i3 1.1’) I IY 
61 1.38 1.43 I .h3 
180 7 1.75 2.31 
59 1 1 1.31 
521 I.5 I.85 1.6Y 
143 I.31 1.44 2.06 
283 La6 1.19 1.63 
3 I.06 1.31 1.5 
914 1.31 1.56 2.25 
800 1.13 1.25 1.44 
IIY I.88 2 2.31 
1 I.lY 1.31 1.31 
WI 1.13 1.3 1.5 
IMI I 1.25 I.88 
7i3 1 I .Y 1.25 
45 1.19 131 1.5 
. 
90 SO JO 
9ll 0 0 
0 50 75 
Yu 75 !a 
9!! 75 is 
loo 5a 90 
0 IlXI (I 
yo 0 0 
so 90 IIN) 
. 
IW 100 u 
50 75 loll 
a '10 l(K) 
9(J 0 0 
10l1 50 90 
75 0 l0ll 
90 0 0 
0 75 1Ul 
Yu 0 Lx) 
50 0 0 
50 50 95 
loo 7s 50 
lull lul 50 
50 90 Xl 
WI 0 YII 
RI 75 IW 
0 0 1oiJ 
w w) 50 
lull 0 0 
. 
.._ 
!N 7.5 75 
Ial 75 75 
. 
. 
a 0 loo 
. 
111) 10u 0 
. 
5ou 0 
30 HI 0 
90 0 0 
0 0 ItIt: 
I*) %I Yll 
0 0 90 
w ti a 
9396 0 
50 xl loo 
. 
Iul 15 75 
75 75 100 
. 
Jo 90 loo 
w 50 Yl 
Abbreviation, ah in Table 1. 
(suggestive of ulcer or thrombus, or both) is more likely to 
undergo occlusion (21) and is associated with a more than 
fourfold increased risk for myocardial infarction, for any 
degree cf percent stenosis (23). It was recently demonstrated 
(24) that for any given stenosis severity, a coronary lesion 
morphology of the complex type is associated with a higher 
dipyridamole stress echocardiogram sensitivity, again empha- 
sizing the potential of physiologic testing to identify those 
lesions more prone to occlusion. Myocardial infarction oc- 
curred earlier in patients with an originally positive stress test 
result than in those with a negative result. One possible reason 
for this difference is that angiographically severe stenoses, and 
those with a complex-type morphology, which are more fre- 
quently associated with positive stress echocardiographic find- 
ings, progress more rapidly toward occlmion, whereas less 
important and simpler lesions may remain stable for many 
years (25). 
Comparison with otber imaging teefiniqws. To our knowl- 
edge, few data are available with imaging techniques based on 
pe&sion scintigraphy that relate the site of transient perfusion 
defect during stress with the site of subsequent fixed perfusioti 
deficit aftrr infarction (26,27). The results of these studies are 
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LCX 
Fii 1. Coronary vascular territory distribution of &hernia-related 
dyssynergy (left panel) and infarct-related dyssynergy (right panel) in 
the 41 patients with positive pharmzcolo~c sress echocardiog:aphic 
test results. For each coronary terrhuq, most patients had agreement 
(match) between the site of ischemia and site of infarction. However, 
9 or‘ the 41 patients had an &hernia-infarction mismatch. LAD = left 
anterior descending coronary artery; LCX = left circumflex coronary 
artery; RCA = right coronary artery. 
inconsistent. In 1982, Frais et al. (26) demonstrated good 
agreement between the site of the stress-induced perfusion 
defect and the site of subsequent infarction (26). More re- 
cently, Naqui et al. (27) studied 22 patients with either 
sestamibi or thallium single-photon emission computed tomog- 
raphy and found a stress-induced perfusion defect in only 45% 
of the regions with subsequent infarction. In another very 
recent preliminary report, Jacaruso et al. (28) reported that the 
future infarct site coincided with the perfusion defect seen 
before the infarction in 40 patients and differed in 24. The 
results of these latter two studies are in keeping with our 
experience obtained with stress echocardiography that the site 
of future necrosis cannot be consistently pred,icted on the basis 
of the site of inducible ischemia. 
Study limitations. Several limitations of our study must be 
considered. 1) We adopted pharmacologic stress to induce 
ischemia. Although this is a nonphysiologic means of diagnosing 
coronary artery disease, pharmacologic stresses induce ischemia 
with a similar frequency, in the same region and to an extent 
comparable to that of exercise (28,29). They are therefore suit- 
able for identifying the arca at risk during induced ischemia. 
2) We pooled the results obtained with dobutamine ar!d 
dipyridamole stress, although dipyridamole and dobutamine 
induce &hernia by diflerent physiologic mechanisms (30). 
Nevertheless, the two tests have virtually identical diagnostic 
accuracy, with the slightly higher sensitivity of dobutamine in 
single-vessel disease balanced by a higher specificity of dipyr- 
idamole, as is now made clear by the experience obtained 
directly comparing the two tests in MOO patients undergoing 
coronary angiography (31). 
3) In our study there was no centralized reading of stress 
echocardiograms. Each echocardiogram (either at baseline or 
during stress) was interpreted in the peripheral center, and this 
JACC Vol. 28, No. 1 
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reading was directly entered into the data bank, which may 
have been tiected by interinstitutional variability in readings 
of stress echocardiograms (32). However, this system allowed 
substantial sparing of human and technologic resources. 
4) There is a tremendous overlap in the vascular supply of 
the various myocardial segments from patient to patient. This 
fundamentally affects the ability to relate an ischemic wall 
motion abnormality to a specific coronary lesion. However, in 
our study each patient acted as his own control; therefore, the 
correlation between ischemia, infarction and underlying coro- 
nary lesion was more safely established. 
5) All echocardiographic examinations were performed in 
experienced laboratories and the data were recorded prospec- 
tively as a part of the multicenter trial follow-up studies (6-10). 
However, our study was a retrospective analysis and has the 
inherent limitations of this design. Of the total number of 
patients who experienced infarction in the follow-up period, 
we could study only a small sample because of many restric- 
tions imposed in the selection criteria. 
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